While N-heterocyclic carbenes (NHCs) have established themselves as a valuable and versatile ligand class in the toolkit of organometallic chemistry, 1-5 their carbocyclic relatives have only rarely made it into the focus of attention yet. Same as for the NHCs, 6, 7 the history of carbocyclic carbenes begins in 1968 when the first cyclopropenylidene complex was discovered by Öfele. 8 A second major class of carbocyclic carbenes is represented by the cycloheptatrienylidenes (CHTs), the first examples of which were reported in 1978 by Jones et al. 9 In 2006 Bertrand et al. succeeded in the isolation of the first free cyclopropenylidene derivative, 10 but in contrast to the isolation of the first free NHC by Arduengo in 1991 11 this did not prompt a comparable breakthrough, although some studies suggested that carbocyclic carbene ligands have similar potential in catalysis. [12] [13] [14] The lag in their development also shows up in the fact that only within the last two years the first Au-CHT complex 15 and a Cu-based transmetallation agent for cyclopropenylidene ligands 16 were reported -landmarks long established in NHC chemistry. 3 Like the NHCs, CHTs and cyclopropenylidenes act mainly as s-donors with only minor backbonding and all three classes generally feature similar M-C carbene bond lengths. 12 A crucial difference from NHCs is the reactivity of the carbene-C in CHT complexes towards nucleophiles. On the one hand, this may limit their applicability as steering ligands, since the carbenemetal bond can be cleaved during catalytic transformations. On the other hand, a ligand centred reactivity can be utilised as has recently been shown by Iluc et al. for a Pd complex bearing a reactive non-cyclic carbene ligand which is capable of C-H and related bond activations. 17, 18 The reactivity of CHT ligands also opens up the opportunity to use them as starting materials for an on-site build-up of functionalised cycloheptatriene-based ligand systems. 19, 20 On this basis we present a chelating ligand system, which combines a stable and inert NHC donor group with a more flexible and reactive CHT moiety (see Scheme 1) .
Starting from the imidazolium-substituted Z 3 -cycloheptatrienide complex 1, previously reported by us and easily accessible from [PdBr 2 (CHT)] 2 , 20 the imidazolium moiety is deprotonated using caesium carbonate (see Scheme 2) . The so-formed NHC intramolecularly coordinates to Pd, upon which a rearrangement of the allyl(Z 3 )-bound seven-membered ring to an alkyl(Z 1 ) binding mode takes place to form the monomeric complex 2. As a by-product of this synthesis we could isolate and characterise complex 3 in which the allyl binding mode of the seven-membered ring is maintained (see 1.4 in the ESI †). The coordinating acetonitrile in complex 2 is easily removed to yield the acetonitrile-free complex 4 upon drying under vacuum. To saturate the valence of Pd(II) in 4 we assume the formation of different bromide-bridged oligomers in the solid state (see Scheme S1 in the ESI †). Such oligomers possibly also exist as secondary species in an equilibrium in solution as has recently been shown for a related compound. 21 This might explain why 2 and 4 were unsuitable for growing single crystals. Therefore, we tried to exchange the bromido ligand by precipitation with silver salts. The treatment of 2 with silver acetate yields the dimeric complex 5, in which both the bromido and acetonitrile ligands are exchanged for bridging acetate. The crystal structure of the resulting complex ( Fig. 2 , left) is discussed below. Using silver tetrafluoroborate the monomeric complex 6 bearing two acetonitrile ligands is obtained.
In the 13 C NMR spectra the carbene resonances of the NHCs are found at 173.88 ppm (2), 172.68 ppm (5) and 167.99 ppm (6) , which correspond to the donor strength of the respective trans-located ligand. 22 In the 1 H NMR the alkyl-H signal of the cycloheptatrienyl-moiety appears at 3.17 ppm for 2 and at 3.24 ppm for 6. These signals belong to the monomeric species as shown in Scheme 2, as 6 lacks anions able to bridge and MS data confirm a coordinating acetonitrile molecule for 2. For 5, however, two species are present in CD 3 CN: one with a comparable shift of 3.24 ppm and another with a significant highfield shift to 2.61 ppm. By contrast, in non-coordinating CD 2 Cl 2 only one species is observed with an alkyl-H signal at 2.63 ppm. The latter belongs to the dimeric species also found in the solid state structure (vide infra), the crystals for which were grown from non-coordinating solvents. In a coordinating solvent like acetonitrile, these dimers apparently are partly cleaved thus forming monomers exhibiting a downfield shift of the alkyl-H signal similar to monomeric 2 and 6.
For a deeper understanding of the reaction pathway, we performed DFT calculations of the essential allyl-to-alkyl rearrangement. Starting from deprotonated 1 with the central allylic carbon atom in b-position to the substituent (1 NHC -b), the free energy profile of the reaction in acetonitrile solution is depicted in Fig. 1 . In analogy to the established dynamic behaviour of Z 3 -cycloheptatrienide complexes, 20 the Pd atom first moves along the ring from the bto the a-position (1 NHC -a).
In the next step, the coordination of the NHC to Pd prompts the actual rearrangement: the seven-membered ring bends from a nearly planar conformation to a boat-shape with a tetrahedral alkyl-carbon (2 Br ). All activation barriers are quite low indicating a very fast reaction (for more details see the ESI †).
The calculated geometry is in good accordance with the experimentally derived solid state structure of 5 (Fig. 2, left) . Of such Z 1 -bound cycloheptatrienyl complexes only three examples in transition metal chemistry and some more involving tin have been crystallographically characterised so far. [23] [24] [25] [26] [27] [28] [29] [30] A Z 1 -cycloheptatrienyl complex has also been proposed as a short-lived intermediate in the reaction of CHT complexes with nucleophiles. 20 In agreement with previous reports, the seven-membered ring adopts a distinct boat-conformation as required by the tetrahedral environment of the alkyl-bound carbons C1 and C23, which feature bond lengths of Pd1-C1 = 2.023(7) Å, C1-C2 = 1.482(15) Å, C1-C7 = 1.496(12) Å, Pd2-C23 = 2.008(9) Å, C23-C24 = 1.500(14) Å and C23-C29 = 1.489(12) Å. The carbene-metal bond lengths of the NHCs are Pd1-C8 = 1.968(9) Å and Pd2-C30 = 1.947(8) Å. The bridging acetate ligands create a Pd-Pd interaction (Pd1-Pd2 = 2.9147(12) Å), which arranges the cycloheptatrienyl/NHC ligands in a stacked fashion locking the alkyl-protons in between the two ligands, which explains the highfield NMR shift observed for 5 as mentioned before.
Having established the chelating Z 1 -cycloheptatrienyl/NHC ligand, the next step to create the envisioned neutral hybrid ligand consists of a hydride abstraction from the cycloheptatrienylmoiety of 4. In analogy to the original protocols of Jones et al. 9 this was performed via the reaction with tritylium tetrafluoroborate as shown in Scheme 3. The obtained dimeric CHT/NHC complex 7 can be treated with tetrabutylammonium bromide to precipitate the neutral monomeric complex 8.
The chemical shift of the carbocyclic carbene-C appears considerably more downfield than that of the NHC: 185.16 ppm vs. 169.59 ppm for 7 (in CD 3 CN) and 191.3 ppm vs. 170.8 ppm for 8 Scheme 2 Synthesis of cycloheptatrienyl/NHC complex 2 (including byproduct 3) and subsequent removal of acetonitrile in vacuo as well as its reaction with silver salts leading to ligand substitution. (in the solid state). However, this is still a tremendous upfield-shift compared to literature-known Pd complexes of isolated CHT-ligands, for which carbene resonances have been reported in a region of ca. 205-230 ppm. 12, 19, 20 For instance, the carbene resonance of [PdBr 2 (CHT)] 2 appears at 209.1 ppm in the solid state. This difference can be attributed to an electronic interaction between the CHT-and NHC-moieties so that the donor function of the N-atoms extends to the carbocyclic carbene.
Single crystal X-ray diffraction confirms the structures of 7 (Fig. 2 , middle) and 8 (Fig. 2, right) . The CHT and NHC-moieties are coplanar (with the seven-membered ring being only slightly bent) supporting the idea of an aromatic system that allows electronic communication. The Pd atom is located slightly out of the C1-C7-N1-C8 plane in both complexes. Also in both cases the Pd-C carbene bond of the carbocyclic carbene is significantly longer than that of NHC (2.005(4) Å vs. 1.957(5) Å for 7, 1.994(3) Å vs. 1.967(2) Å for 8) and of literature-known CHT-Pd complexes. 12, 19, 20 This agrees well with the aforementioned electron-donation from the NHC to the CHT which then weakens the Pd-CHT p-backbond. There is also a steric interaction between the H-atom on C2 and one bromide ligand, which forces a significant distortion of the square-planar coordination geometry in 8. Using the concept introduced by Houser et al. 31 and improved by Kubiak et al. 32 a value of 0.143 can be calculated for the t d parameter (where t d = 0 represents an ideal square planar and t d = 1 an ideal tetrahedral coordination). The effect is also present in 7, but less pronounced (t d = 0.042). In this context it is not surprising that the mentioned H-atom is also marked by an unusual downfield shift in the 1 H NMR spectra as compared to unsubstituted CHT-Pd complexes (10.73 ppm in CD 3 CN for 7 and 10.32 ppm in DMSO-d 6 for 8). 12, 19, 20 With this effect in mind the Pd-Br bond lengths may no longer be an ideal indicator for the binding properties of the trans-located carbene ligands, but nevertheless it is worthwhile using this chance for a direct comparison between these two carbene donor moieties. It can be seen that the bromide trans to the carbocyclic carbene features the longer Pd-Br bond length in both cases (2.5120(8) Å vs. 2.4815(7) Å for 7, 2.4941(4) Å vs. 2.4859(4) Å for 8), which is compatible with our expectation that the CHT ligand exhibits a stronger transinfluence than the NHC ligand. This is in agreement with the very few examples of NHC complexes for which also an exact analogue bearing a CHT has been reported suggesting that this observation can in fact be generalised. 13, 33, 34 Another interesting feature is the orientation of the carbenemetal bonds in relation to the CHT and NHC rings, because the formation of the five-membered metallacycle in 7 and 8 requires some deviation from the ideal binding geometries. To describe such distortions the NHC tilting angle Y NHC defined by Chaplin et al. as the angle between the metal, carbene-C and the centroid of the NHC can be used, where 1801 corresponds to the ideal coordination geometry. 35 Applying the same concept to the CHT ligand, Y NHC and Y CHT values of 167.701 vs. 175.671 for 7 and 163.531 vs. 174.851 for 8 are obtained. In both cases the distortion is mostly an in-plane displacement of the metal. The above values illustrate that the distortion affects the NHC a lot more than the CHT suggesting that the CHT-metal bond is more rigid and Fig. 2 Molecular structures of 5 (one molecule out of four in the asymmetric unit), 7 and 8 in the solid state with ellipsoids at a probability level of 30% for 5 and 50% for 7 and 8. DiPP-groups and acetate ligands are simplified as wireframes where necessary and hydrogen atoms as well as co-crystallised solvent molecules are omitted for clarity. Selected distances (Å) and angles (1). 5: Pd1-Pd2 2.9147(12), Pd1-C1 2.023 (7) , Pd1-C8 1.968(9), Pd2-C23 2.008(9), Pd2-C30 1.947(8), C1-C2 1.482(15), C1-C7 1.496(12), C23-C24 1.500 (14) , C23-C29 1.489 (12) , C1-Pd1-C8 81.6(4), C23-Pd2-C30 81.7(4). 7: Pd1-Br1 2.4915 (7) , Pd1-Br1i 2.5120(8), Pd1-C1 2.005(4), Pd1-C8 1.957(5), C1-C2 1.397(6), C1-C7 1.411 (7) , Br1-Pd1-Br1i 83.43(2), C1-Pd1-C8 79.71 (18) , C1-C7-N1-C8 1.7 (6) . 8: Pd1-Br1 2.4859(4), Pd1-Br2 2.4941(4), Pd1-C1 1.994(3), Pd1-C8 1.967(2), C1-C2 1.403(3), C1-C7 1.422(3), Br1-Pd1-Br2 89.66(1), C1-Pd1-C8 80.60(10), Br2-Pd1-C8 164.56 (7) , C1-C7-N1-C8 À0.9(3). Scheme 3 Synthesis of CHT/NHC complex 7 from 4 and its reaction with tetrabutylammonium bromide to monomeric complex 8.
